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ABSTRACT 
The preparation  of a  specific antiserum  (anti-CaBP)  against  the calcium-binding 
protein  (CaBP) of the chorioaUantoic membrane  (CAM) is described.  The anti- 
CaBP appeared to be specific for the CaBP by immunodiffusion and immunoelec- 
trophoresis.  Application of the anti-CaBP in immunofluorescence histochemistry 
revealed  that  the  CaBP  is  present  in  the  CAM  only  at  developmental  ages 
corresponding  with  the  expression  of  the  calcium  transport  function  of  the 
membrane.  Furthermore,  the  CaBP  is  localized  to  the  ectoderm  of the  CAM, 
appears to be exposed to the entire external  surface of the ectoderm,  and can be 
shown to be associated with cells enzymatically dissociated from the CAM. These 
results  are  consistent  with  a  functional  role  of the  CaBP  in  the  CAM  calcium 
transport process. 
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In  the  chick  embryo,  the  calcium  required  for 
skeletal  calcification  is  mobilized  from  the  egg 
shell  by  the  chorioallantoic  membrane  (CAM) ~ 
1  Abbreviations  used in this paper: anti-CaBP, antiserum 
prepared  against purified CaBP;  anti-NT,  antiserum 
prepared against whole extract of nontransporting CAM 
from  l 1-day-old embryos;  anti-T,  antiserum  prepared 
against whole extract of transporting CAM from 19-day- 
old embryos; buffer A, 0.14 M NaCI, 2.7 mM KCI, 1.5 
mM  KH2PO4, 6.5  mM  Na2HPO4, pH 7.4;  buffer  B, 
buffer  A  containing  0.38%  (wt/vol) sodium citrate; 
CaBP., calcium-binding protein;  CAM,  chorioallantoic 
membrane;  F-GAR, FITC-conjugated  goat anti-rabbit 
antiserum; FITC, fluorescein isothiocyanate; PBS, phos- 
phate-buffered saline; PCMBS, p-chloromercuribenzene 
(8, 14, 16). The calcium transport function of the 
CAM is energy-dependent (6) and is expressed in 
an  age-dependent  fashion  during  embryonic de- 
velopment (3,  17). 
We  have  recently  identified  a  calcium-binding 
protein  (CaBP)  associated  with  the  CAM  (19). 
The  CaBP  has  been  subsequently  purified  to 
homogeneity and its  physical and chemical prop- 
erties  have  been  characterized  (18,  20).  Our 
studies revealed a close similarity between several 
properties of the CaBP and those of the calcium 
transport activity of the CAM (16), including high 
selectivity  for  calcium  ions  and  sensitivity  to 
sulfhydryl-binding agents.  In particular,  there ex- 
ists an excellent correlation between the temporal 
sulfonate;  TAD buffer,  13.7 mM  Tris-HCl,  pH  7.4, 
0.12  M NaCI, 4.74  mM KCI, 98.5  /.~M glucose, 0.71 
mM dithiothreitol, 0.02% sodium azide. 
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cium-transport (I 7) activities of the CAM  during 
embryonic development.  Levels of both activities 
are  low  before  incubation  day  12,  rise  rapidly 
thereafter,  and  reach  maximal  levels shortly  be- 
fore  hatching  on  day  21.  The  parallel  between 
these  properties  strongly'  suggests  that the  CaBP 
may  play  a  functional  role  in  the  transport  of 
calcium by the CAM. 
The  CAM  consists  of  three  distinct  layers  of 
cells,  with  the  ectodermal  epithelium  facing  the 
calcium  source,  the  egg  shell  (1).  Studies  by 
Terepka  et  al.  (16)  have  shown  that  the  CAM 
ectoderm,  which is the first cellular barrier to the 
entry  of  calcium  from  the  egg  shell  into  the 
embryonic  circulation,  comprises  the  calcium- 
transporting  region  of  the  CAM.  Therefore,  in 
order to ascertain the transport-related function of 
the  CAM  CaBP,  it  is  essential  to  determine  its 
cellular localization. We  report  here lhe prepara- 
tion  of  a  specific  antiserum  against  the  CaBP 
(anti-CaBP) and the immunohistological localiza- 
tion  of the  CaBP on  the ectoderm  of the  CAM. 
MATERIALS  AND  METHODS 
Embryos 
Fertilized  white  Leghorn  eggs  (Shamrock  Farms, 
North Brunswick, N. J.) were incubated at 37,5~  in a 
humidified egg incubator for the desired period of time. 
Eggs were  routinely examined by transiUumination for 
fertility and normal development of the embryo. 
Purification of  the CaBP 
This was carried out using CAM from 19- to 20-day- 
old chick embryos by the previously described procedure 
(18, 20) which involved four steps: preparation of CAM 
extract,  ammonium sulfate precipitation, gel filtration, 
and isoelectric focusing. The homogeneity of the CaBP 
preparations was  assessed  as  described elsewhere (18, 
20). 
Immunological Methods 
Antisera  were  prepared  against  purified  CaBP  and 
CAM extracts from 12- and 19-day-old chick embryos. 
Emulsions (1:i, vol/vol) of these samples in  13.7  mM 
Tris-HCl,  pH  7.4,  0.12  M  NaCI,  4.74 mM KC1, 98.5 
/.tM glucose,  0.71  mM  dithiotbreitol,  0.02%  sodium 
azide (TAD buffer) (CaBP, 200 ~g/ml; 12- and 19-day- 
old CAM extract,  2  mg protein/ml) were  prepared in 
Freund's complete  adjuvant  (Difco  Laboratories,  De- 
troit, Mich.).  Two rabbits (New  Zealand White) were 
used for each sample, and each animal was immunized 
with 2  ml of the respective emulsion by injection into 
foot pads. The rabbits were bled 5 wk after the injection 
and  sera  were  collected,  A  second  injection with the 
same  amount  of  each  antigen  was  performed  12  wk 
later, and sera were collected after one month. 
The y-globulin (lgG) fraction was obtained from the 
anti-CaBP anti-serum by a standard procedure involving 
ammonum  sulfate  precipitation  (7)  and  diethylamino- 
ethyl-cellulose  ion  exchange chromatography  (5).  The 
IgG fraction was reconstituted to the original volume of 
the serum and stored at 4~  until use. 
Ouchtedony  double immunodiffusion (11)  was per- 
formed in diffusion plates purchased from Hyland Co. 
(Costa  Mesa,  Calif.).  Immunoelectrophoresis was car- 
ried  out  in  1%  agarose  containing  0.05  M  veronal 
buffer,  pH  8.6,  at  150  V  for  1%.  h  according  to 
Ouchterlony and Nilsson (11). 
Enzymatic Dissociation of CA M into 
Single Cells 
The buffers used in the dissociation procedure were: 
(a) physiological saline, 0.9%  NaCI; (b) calcium- and 
magnesium-free phosphate-buffered saline (PBS), 0.14 
M  NaCI,  2.7  mM  KCI,  t.5  mM  KH2PO4,  6.5  mM 
Na2HPO4, pH 7.4 (buffer A); and (c) buffer A contain- 
ing 0.38%  sodium citrate  (buffer B),  All steps subse- 
quent to dissection of the CAM from the embryo were 
carried  out  at  37~  unless  indicated  otherwise.  The 
procedure was as follows:  The CAM was dissected from 
embryos of the appropriate age, washed in physiological 
saline,  weighed,  and  minced  into  2-ram  e  pieces  with 
scissorlike action of two scalpel blades. The tissue was 
washed at least five times with buffer A with final wash 
in buffer B. The minced CAM was then suspended in 10 
ml  of  buffer  B/gin  tissue  and  placed  in  a  siliconized 
Erlenmeyer flask. Collagenase (Sigma Chemical Co., St. 
Louis,  Mo.)  and  hyaluronidase  (bovine,  Calbioehem, 
San Diego, Calif,) were added to a final concentration 
of  0.01  and  0.001%,  respectively.  The  flask  and  its 
contents were shaken at -150 rpm for 30 rain. At the 
end of the incubation period, the dissociated cell suspen- 
sion was carefully decanted, filtered twice through Nytex 
filter  (Newark  Wire  Cloth,  Newark,  N.  J.)  of  28-/xm 
mesh, sedimented by centrifugation at 650 g for 10 rain, 
and resuspended in a small volume of buffer A. The tis- 
sue left in the flask was further dissociated by incubation 
for 30 rain with shaking in the same volume of buffer B 
with collagenase and  hyaluronidase as  above.  Isolated 
cells (fraction  1) were collected by centrifugation, and 
the whole procedure was repeated three times (fractions 
2, 3, and 4) until the tissue appeared to be mostly disso- 
ciated. 
Immunohistochemistry 
SAMPLE  PREPARATION:  For  the  preparation  of 
frozen  sections, the  CAM  was  first  cut  into  strips of 
-0.5 cm  2, placed in small polystyrene disposable beak- 
ers, embedded in I.C.T. Tissue-Tek (Lab-Tek Products, 
Div. Miles Laboratories Inc., Naperville, I11.) and frozen 
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were stored at -70~  until use. Sections, 4-6/~,m thick, 
were  cut  on an IEC cryostat  microtome (International 
Equipment  Co.,  Needham,  Mass.)  at  -10  to  -20~ 
placed  on  glass  slides,  and  air-dried  for  at  least  2  h 
at  room  temperature.  The  sections were  fixed  in  ace- 
tone for  1 min and washed with PBS,  containing 0.14 
M  NaC1,  2.7  mM  KC1, 8.1  mM  Na2HPO4,  1.4  mM 
KH2PO4,  0.02%  sodium  azide,  pH  7.65,  for  5  min 
before staining. 
Cells dissociated from the CAM  as described above 
were smeared onto glass slides, fixed in acetone or 5% 
paraformaldehyde  for  1  rain,  washed  with  PBS  for  5 
rain,  and  used  immediately  for  immunohistochemical 
staining. 
STAINING:  The  procedure  employed  the  method 
of  indirect  staining  with  a  fluorescein  isothiocyanate 
(FITC)-conjugated secondary antiserum (goat anti-rab- 
bit IgG,  Boehring Diagnostics, Somerville, N.  J.).  All 
antisera were used in 1:10 dilutions and incubations were 
carried out at room temperature in a humidified cham- 
ber. Tissue sections or smears of cells dissociated from 
the CAM, after the PBS wash, were overlaid with 10 tzl 
of rabbit anti-CaBP antiserum and incubated for 25 min. 
They were then washed with two changes of PBS for 5 
min each. 10/zl of the secondary antiserum were applied 
and the samples were incubated for 25 min. The sections 
were  finally  washed  in  three  changes of  PBS,  5  min 
each, and were mounted with one drop of glycerol-PBS 
(1:1,  vol/vol; pH  8.0).  The  specimens were examined 
with  a  Zeiss  photomicroscope  equipped  with  a  Zeiss 
HBC 50-watt high pressure mercury vapor lamp, BG-3 
exciter  filter,  and  500/530  nm  barrier  filters.  Photo- 
micrographs were taken with either Kodak Ektachrome 
(High Speed) or Tri-X film. 
RESULTS 
Specificity o f Anti-CaB  P 
The  specificity  of  the  anti-CaBP  antiserum 
(anti-CaBP) was assessed by immunodiffusion and 
i  m m unoelectrophoresis. 
As  shown  in  Figs.  1A,  2A,  and  B,  upon 
immunodiffusion  and  immunoelectrophoresis,  a 
single  immunoprecipitin  line  was  observed  be- 
tween anti-CaBP and purified CaBP, demonstrat- 
ing the  specificity of anti-CaBP.  In  addition,  our 
results  also  indicated  that  the  CaBP was  present 
at  a  higher concentration  in  the  extract  of trans- 
porting,  19-day-old  CAM  than  in  the  extract  of 
nontransporting,  l 1-day-old  CAM.  Thus,  antise- 
rum  prepared against the former (anti-T) reacted 
with purified CaBP  (Figs.  1 B  and  2A ),  whereas 
antiserum  against  the  latter  (anti-NT)  was  not 
reactive  (Figs.  1 C  and 2 B).  These findings were 
further substantiated by immunodiffusion of anti- 
FIGURE  1  Ouchterlony double immunodiffusion of ex- 
tracts of transporting (20-day-old) and nontransporting 
(10-day-old) CAM and purified CaBP with anti-CaBP 
(A-CaBP), anti-T (A-T), and anti-NT (A-NT). Samples 
were 10 txl each in TAD buffer and placed in the wells as 
follows:  1,3, 4  =  purified CaBP; 2  =  extract of trans- 
porting CAM, and 5  = extract of nontransporting CAM. 
The CAM extracts contained 2  mg protein/ml and the 
CaBP preparation contained 0.5  mg of CaBP/ml. The 
antisera were placed in the respective center well as indi- 
cated and diffusion was allowed to proceed for at least 48 
h at room temperature. 
FIGURE  2  lmmunoelectrophoresis  of  CaBP  diffused 
against anti-T, anti-NT, and anti-CaBP. 10 tzl of purified 
CaBP (0.5  mg/ml) was subjected to electrophoresis at 
150 V for 90 rain (11). After electrophoresis, 100 tzl of 
the  respective  antiserum  was  placed  in  the  troughs. 
Diffusion  was allowed  to  proceed  for at  least  48  h  at 
room  temperature.  See  text  and legend  to  Fig.  1  for 
explanation of symbols for antisera. 
CaBP  with  extracts  of CAM  prepared  from  em- 
bryos of various developmental stages (Fig.  3).  A 
single  immunoprecipitin  line,  which  revealed  an 
age-dependent  increase  in  the  concentration  of 
CaBP  in  the  CAM  extracts,  was  observed.  The 
immunospecificity of anti-CaBP was also substan- 
tiated by the finding that the purified IgG fraction 
from anti-CaBP exhibited identical immunochem- 
ical reaction patterns. 
These  observations  taken  together  demon- 
strated  the  specificity  of the  anti-CaBP and,  fur- 
thermore,  confirmed  the  homogeneity  of  the 
CaBP used to prepare the antiserum. 
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CAM extracts prepared from embryos of different ages 
against anti-CaBP. 10 #1 of each CAM extract (3.5 mg 
protein/ml) were placed in the outside wells. The embry- 
onic ages (days) of the CAM extracts are as indicated. 
10 /.tl of anti-CaBP was placed in the center well and 
diffusion was allowed to proceed for at least 48  h at 
room temperature. 
Immunohistochemical  Localization  of CaBP 
in CAM 
In the indirect staining method used here, the 
anti-CaBP was  employed as  the  primary antise- 
rum. The localization of the bound anti-CaBP was 
then visualized with FITC-conjugated goat  anti- 
rabbit antiserum (F-GAR). 
CAM  SECVIONS:  Fig.  4  shows  the  immuno- 
histochemical staining patterns of cryosections of 
transporting  CAM  from  20-day-old  chick  em- 
bryos.  As  shown  in  Fig,  4A,  intense  specific 
fluorescent staining of  the  CAM  was  observed, 
and was localized exclusively on  the  ectodermal 
epithelium of the CAM. Staining at the mesoderm 
and endoderm of the CAM was significantly less 
intense. With higher magnification (Fig. 4B), it 
was evident that  the  fluorescent staining on the 
ectoderm  of  the  20-day-old, transporting CAM 
was  associated  with  the  peripheral  or  cortical 
region of individual cells. The highest intensity of 
fluorescence was  observed at  the  surface  of the 
CAM  ectoderm  facing  the  shell  membrane.  In 
many fields, the staining pattern also appeared to 
trace the outline of the cells. Occasional intracel- 
lular fluorescence could be observed, but, in gen- 
eral, the  cell cortex  was more intensely stained. 
As shown in Fig.  4C,  distinct staining was  also 
observed  in  a  capillary-covering region  of  the 
CAM ectoderm. In general, however, the fluores- 
cent  staining appeared  to  be  evenly distributed 
throughout  the  entire  ectodermal  layer  of  the 
CAM. 
To test whether the CaBP is externally exposed 
on the surface of the ectodermal cells, samples of 
CAM were preincubated with heat-treated (56~ 
30 rain, for complement inactivation) anti-CaBP 
(1:10  in PBS)  for  15  rain at  room  temperature 
before  cryostat  sectioning.  The  CAM  sections 
were then fixed  in acetone, washed in PBS, and 
stained. Intense cortical fluorescence of the ecto- 
dermal cells (not shown), similar to that obtained 
with the normal staining procedure, was observed, 
indicating that the CaBP of the CAM was acces- 
sible to externally added anti-CaBP. 
The specificity of the immunohistochemical  pro- 
cedure  was  tested  with  the  following  controls: 
substitution of anti-CaBP with preimmune rabbit 
serum or  PBS,  and substitution of F-GAR with 
PBS in the staining procedure. In each case, the 
CAM  sections revealed  no  fluorescent staining, 
indicating the  requirement  for  both  anti-CaBP 
and F-GAR in the procedure. 
Furthermore,  the  fluorescent  staining of  the 
CAM  was  development-dependent. Sections  of 
nontransporting CAM from 10-day-old CAM did 
not  exhibit  any  specific  and  significant fluores- 
cence at the ectodermal epithelium. 
These results therefore indicated that the CaBP, 
present only in transporting CAM, was localized 
at its ectodermal layer and appeared to be at least 
partially exposed  on  the  external surface  of the 
ectoderm facing the egg shell. 
DISSOCIATED  CELLS:  To  investigate 
whether the CaBP is associated with any specific 
cell population of the CAM, immunohistochemis- 
try for CaBP was also carried out with single cells 
dissociated from  transporting, 20-day-old CAM. 
Four fractions of cells  were obtained from the 
dissociated CAM  by the  procedure  described in 
Materials  and  Methods.  The  isolated  cells  ap- 
peared  viable,  as  indicated by  more  than  97% 
trypan blue exclusion. Fractions 1 and 2 consisted 
largely of erythrocytes and other blood cells, and 
exhibited  no  observable  immunohistochemical 
staining with anti-CaBP. On the other hand, frac- 
tion  3,  and  particularly fraction  4,  contained a 
population of cells which  appeared,  in  general, 
large (about two to three times the average size of 
the  erythrocytes),  round, and  highly vacuolated 
Fig. 5A). These cells stained intensely with anti- 
CaBP  (Fig.  5B).  Fluorescence  was  associated 
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~m) of the CAM were stained by the procedure described in Materials and Methods. (A) Section showing 
ectoderm  (ec), mesoderm  (m), and  endoderm  (en)under  fluorescence  optics,  x  770.  (B)Higher 
magnification of the ectoderm,  revealing intense fluorescence  at  the cortical region  of the ectodermal 
cells.  ￿  1,650.  (C) Capillary-covering region of the ectoderm showing sinusoid space  (s), observed with 
epifluorescence. ￿  1,800. FIGURE  5  Fluorescence immunohistochemistry of cells dissociated  from  20-day-old  CAM.  The  cells 
(fraction 4) were dissociated from the CAM and stained for CaBP as described in Materials and Methods. 
(A) Phase micrograph showing erythrocytes (r) and a population of large, round cells, x  1,400.  (B) The 
same field under fluorescence optics, revealing intense cortical staining pattern of the large, round cells (f). 
Erythrocytes were not fluorescent, x  1,400. 
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intracellular fluorescence  was  relatively weaker. 
Occasionally,  these  cells  appeared  to  possess 
microvilluslike processes which were also fluores- 
cent. The fluorescent staining pattern observed in 
these cell smears did not appear to be an artifact of 
the  dehydrating effect  of acetone  fixation, since 
fixation in  5%  paraformaldehyde yielded similar 
pattern. Controls similar to those used for CAM 
sections, as well as cells dissociated from nontrans- 
porting CAM  (12-day-old), exhibited no fluores- 
cence. 
DISCUSSION 
We  have  previously shown  that  calcium-binding 
activity (19) and CaBP (20) are both expressed in 
the  CAM  in  a  developmentally dependent  fash- 
ion.  Calcium-transporting  CAM  from  embryos 
older than  15  days exhibits higher levels of cal- 
cium-binding  activity  and  CaBP  than  nontrans- 
porting CAM  from  embryos incubated  for  <12 
days.  We  have  confirmed  these  findings  in  the 
present study. Immunodiffusion showed  that  the 
concentration  of  CaBP  in  the  CAM  is  age- 
dependent,  detectable only after incubation  day 
13.  Immunofluorescence  histochemistry also  re- 
vealed that the CaBP is present only in transport- 
ing, 20-day-old CAM, but not in nontransporting, 
10-day-old CAM. 
Our  results  further  indicate  that  the  CaBP  is 
localized at the ectodermal layer of the CAM and 
suggest that the CaBP may be associated with the 
external surface  of the ectoderm.  As mentioned 
in the Introduction, Terepka and co-workers (16) 
have  demonstrated  that  the  ectoderm  comprises 
the calcium-transporting region of the CAM. The 
location of the  CaBP  at  the  ectodermal surface, 
along the  pathway of calcium  mobilization from 
the egg shell by the CAM, is therefore consistent 
with a  functional role for the CaBP in  the trans- 
port process. 
Two other studies have suggested that a surface- 
associated,  calcium-binding moiety  of  the  ecto- 
derm  is essential for the  transport of calcium by 
the  CAM.  First, p-chloromercuribenzene  sulfo- 
nate  (PCMBS)  and  other  sulfhydryl-binding 
agents, such as iodoacetate and mersalyl, applied 
to  the  ectoderm  of  the  CAM,  were  found  to 
inhibit  calcium  transport  and/or  calcium-stimu- 
lated  oxygen  consumption  by  the  CAM  (4,  6). 
Since  PCMBS  reacts  specifically with  sulfbydryl 
groups on proteins and does not readily penetrate 
the  plasma  membrane,  these  results suggest  (6) 
that a  sulfhydryl-dependent component(s) on the 
surface of calcium-transporting cells in  the CAM 
may be involved in  the active transport  process. 
Second, the in vitro calcium transport studies of 
Terepka et al. (16) showed that, before transport, 
there  is a  rapid initial binding of calcium  to the 
CAM within  10 s. This binding of calcium by the 
CAM is not affected by the presence of metabolic 
inhibitors, such as dinitrophenol, in the transport 
buffer (16),  and  may therefore represent an  en- 
ergy-independent  step  of  calcium  binding  to  a 
surface-associated component(s) of the CAM ec- 
toderm before uptake and transport. Our findings 
reported elsewhere (20) on the sulfhydryl require- 
ment  and  the  high  calcium  affinity of the  CaBP 
are  thus  consistent  with  its  possible role  as  the 
ectodermal  surface-associated,  calcium-binding 
moiety hypothesized by these  investigators. This 
supposition is further strengthened by the present 
finding that  the  CaBP  is indeed  localized to  the 
ectodermal  layer  of  the  CAM.  It  needs  to  be 
pointed out  that, though our results also suggest 
that the CaBP may be externally exposed on the 
ectodermal  surface,  additional  analysis by  tech- 
niques  with  higher  resolution,  such  as  electron 
microscopy,  is  necessary  to  elucidate  the  exact 
subcellular location of the CaBP. 
An interesting finding in the present study is the 
lack  of  specificity of  the  CaBP-immunostaining 
with respect to cell types of the CAM ectoderm. 
As  shown  in  Fig.  4A,  fluorescent  staining  was 
evenly  distributed over all  regions of the  CAM 
ectoderm.  Morphologically, the  CAM  ectoderm 
consists  of  two  major  cell  types,  the  capillary- 
covering  and  villus-cavity cells  (1),  designated 
according to  their location and  morphology,  re- 
spectively. On the basis of the specific localization 
of calcium  by  electron  probe  analysis, Coleman 
and  Terepka  (2)  have  considered  the  capillary- 
covering cells as the calcium-transporting cells of 
the  CAM.  On  the  other  hand,  several  other 
workers (10, 12) have observed the morphological 
resemblance  of villus-cavity cells to  other  secre- 
tory. cells and  contended  instead that  the  villus- 
cavity cells are calcium-absorbing cells. The find- 
ings in  this investigation, therefore,  do  not  lend 
exclusive support to either contention. It is, how- 
ever, conceivable that the CaBP is synthesized by 
a certain population of cells of the CAM ectoderm 
and  is subsequently secreted and  deposited onto 
the surface of the other ectodermal cells. Such a 
mechanism  for  the  generation  of  CaBP  on  the 
ectoderm  would  therefore  result  in  a  uniform 
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dermal  cell  population,  i.e.,  CaBP-secreting  as 
well as calcium-transporting  cells. This model for 
the appearance  of a  CaBP  has  been  proposed  in 
another  calcium-transporfing  epithelium,  the 
chick  intestinal  mucosa,  where  the  vitamin  D- 
dependent  CaBP exhibits a  similar immunostain- 
ing pattern  (15).  Staining for the intestinal  CaBP 
was observed at  the secretory goblet cells as well 
as the brush  border  surface  of the  intestinal  mu- 
cosa.  Taylor  and  Wasserman  (15)  conjectured 
that  the intestinal CaBP  is secreted by the goblet 
ceils into  the  mucus  which  is  then  deposited  on 
the  brush  border.  Though  the  properties  of the 
embryonic  CAM  CaBP  (18-20)  differ  signifi- 
cantly  from  those  of  the  adult  intestinal  CaBP 
(21),  and the CAM ectoderm is not known  to be 
associated  with  major  secretory  functions  (9),  it 
remains  possible  that  the  CaBP's  of  the  two 
calcium-transporting  epithelia are generated  in  a 
similar fashion involving a cellular secretory mech- 
anism.  It  needs to  be pointed  out that  the  CAM 
ectoderm  has  previously  been  postulated  to  se- 
crete  inorganic  acids  (e.g.  carbonic  acid)  for the 
solubilization of the shell calcium (1, 9). 
In  the  present  study,  we  have  shown  that  the 
CaBP  is  associated  with  a  certain  population  of 
cells dissociated from the transporting  CAM.  Al- 
though  the  origin  of  these  cells  has  not  been 
ascertained,  it  is  apparent  that  they  were  not 
fibroblastlike  or  derived  from  the  blood.  Since 
immunostaining  for  CaBP  is  present  exclusively 
on the ectoderm of CAM sections, it is likely that 
these cells were derived from the CAM ectoderm. 
That  the  CaBP  was  not  destroyed  during  enzy- 
matic dissociation  of the  CAM indicates that  the 
procedure  employed  here  may  be  useful  for the 
study of cellular aspects of the CAM CaBP, 
Terepka  et  al.  (16)  have  recently  proposed  a 
pinocytic  model  for  calcium  transport  by  the 
CAM. In this model, calcium solubilized from the 
egg shell is sequestered in pinocytic vesicles which 
then traverse the cell body of the ectodermal cells, 
subsequently  refuse  with  the  plasma  membrane 
on  the  serosal  side,  and  discharge  their  calcium 
content  into the sinusoid space.  Since a  selective 
sequestration  of  calcium  is  carried  out  by  the 
CAM during the transport process (4), the adsorp- 
tive  pinocytic  model  necessarily  postulates  the 
presence of a calcium-specific receptor on the cell 
surface for the selective binding of calcium before 
pinocytosis (13).  The results reported here on the 
localization of the CaBP on the CAM ectodermal 
surface therefore  suggest a  possible  receptor  role 
for  the  CaBP  in  the  transport  process,  and  lend 
support for the pinocytosis model. 
There is, at present,  no conclusive evidence for 
any  transport  model  for  the  calcium  transport 
function of the CAM. The developmental expres- 
sion  of the  CaBP  (19)  and  its localization  in  the 
CAM  reported  here  are  strongly  suggestive that 
the CaBP may be involved in the transport  proc- 
ess.  Further investigation to localize the CaBP of 
the  CAM  at  an  ultrastructural  level  is  certainly 
needed to elucidate its possible functional role and 
to understand  the mechanism of transcellular cal- 
cium transport  by the CAM. 
We thank  Drs.  Celso Bianco and  lvo van  de Rijn for 
assistance  in the immunological techniques, Ms. Joanne 
Zrike for excellent technical assistance,  and Ms.  Lovice 
Weller for typing this manuscript. 
This work was supported in part by grants HD 10299- 
01 and AI 07012 from The U. S. Public Health Service, 
National Institutes of Health. 
Received  for  publication  7  September  1977,  and  in 
revised form 21 February' 1978. 
REFERENCES 
1.  COLEMAN, J.,  and  A. TEREPKA. 1972.  Fine  struc- 
tural changes associated  with the onset of calcium, 
sodium,  and  water  transport  by  the  chicken  cho- 
rioallantoic membrane. J. Membr. Biol.  7:111-127. 
2.  COLEMAN, J.,  and  A.  TEREeKA. 1972.  Electron 
probe analysis of the calcium distribution  in cells of 
the embryonic chick chorioallantoic membrane.  II. 
Demonstration  of intracellular location  during ac- 
tive  transcellular  transport.  J.  Histochem.  Cyto- 
chem.  20:414-424. 
3.  CROOKS, J., and  K. SImKiss. 1975.  Calcium trans- 
port by the chick chorioallantois in vivo.  Q. J. Exp. 
Physiol.  Cogn.  Med. Sci. 60:55-63. 
4.  CROOKS, J., C. KYRIAKIOES,  and  K. SIMKISS. 1976. 
Routes of calcium  movement across  the chick cho- 
rioallantois.  Q.  J.  Exp.  Physiol.  Cogn.  Med.  Sci. 
61:265-274. 
5.  FAHEY, J,,  and  E.  TERRY. 1973.  Ion  exchange 
chromatography and gel filtration. In Handbook of 
Experimental Immunology. Vol. I.  Immunochem- 
istry.  D. Weir, editor. Blackwelt  Scientific  Publica- 
tions, Oxford. Chap. 7.2rid edition. 
6.  GAgRISON, J.,  and  A.  TEREPKA. 1972.  Calcium- 
stimulated respiration and active calcium  transport 
in the isolated chick  chorioallantoic membrane. J. 
Membr. Biol.  7:128-145. 
7.  HEINE, K., and  H. SCHWICK. 1973.  Salt fractiona- 
tion of immunoglobulins. In  Handbook of Experi- 
mental Immunology. Vol. I. Immunochemistry. D. 
750  THE  JOURNAL OF  CELL BIOLOGY'  VOLUME 77, 1978 Weir, editor. Blackwell  Scientific  Publications,  Ox- 
ford. Chap. 6.2nd edition. 
8.  JOHNSTON,  P., and C. COMAR. 1955.  Distribution of 
calcium  from  the  albumen,  yolk  and  shell  to  the 
developing chick embryo. Am. J. Physiol.  183:365- 
370. 
9.  LEESON, T.,  and  C.  LEESON. 1963.  The  chorio- 
allantois  of the  chick.  Light  and  electron  micro- 
scopic observations at various times of incubation. 
J. Anat. 97:585-595. 
10.  NARBArrz, R.  1972.  Cytological and  cytochemical 
study  of the chick ehorionic epithelium. Rev.  Can. 
Biol.  31:259-267. 
11.  OUCFITERLONY,  O., and  L.  NtLSSON. 1973.  Immu- 
nodiffusion  and  immunoelectrophoresis. In  Hand- 
book of Experimental Immunology. Vol. I. Immu- 
nochemistry.  D. Weir, editor.  Blackwell  Scientific 
Publications,  Oxford, Chap.  19. 
12.  OWCZARZAK, A.  1971.  Calcium-absorbing  cell of 
the  chick  chorioallantoic membrane.  I.  Morphol- 
ogy, distribution  and cellular interactions. Exp. Celt 
Res.  68:113-129. 
13.  S1LV~RSTEtN, S.,  R.  STEtNMAN, and  Z.  ConN. 
1977.  Endocytosis. Annu.  Rev.  Biochem.  46:669- 
722. 
14.  SIMKISS, K.  1961.  Calcium  metabolism  and  avian 
reproduction. Biol. Rev. 36:321-367. 
15.  TAYLOR, A., and  R.  WASSERMAN. 1970.  Immuno- 
fluorescent localization  of vitamin D-dependent cal- 
cium-binding  protein.  J.  Histochem.  Cytochem. 
18:107-115. 
16.  TEREP~:A, A.,  J.  COLEMAN, H.  ARMBRECHT, and 
T.  GUNTHER. 1976.  Transcellular transport  of cal- 
cium. In  Calcium in Biological Systems.  Symposia 
of the Society for Experimental Biology. No. 30. C. 
Duncan, editor. Cambridge University Press,  Cam- 
bridge.  117-140. 
17.  TEREPKA, A., M. STEWART, and N. MERKEL. 1969. 
Transport  functions  of  the  chick  chorio-allantoic 
membrane.  II.  Active calcium  transport  in  vitro. 
Exp. Cell Res.  58:107-117. 
18.  TUAN, R.  1977.  Calcium-binding  protein  of  the 
chick  chorioallantoic  membrane.  Ph.D.  Thesis, 
Rockefeller University. 
19.  TUAN, R.,  and  W.  Scott.  1977.  Calcium-binding 
protein of chorioallantoic membrane: Identification 
and  developmental expression.  Proc.  Natl.  Acad. 
Sci.  U. S. A. 74:1946-1949. 
20.  TUAN, R.,  W.  Sco~, and  Z. ConN.  t978.  Purifi- 
cation  and  characterization  of  a  calcium-binding 
protein  from the chick  chorioallantoic membrane. 
J. Biol.  Chem.  253:1011-1016. 
21.  WASSERMAN, R.,  A.  TAYLOR, and  C.  FULLMER. 
1974.  Vitamin D-induced CaBP and the intestinal 
absorption  of calcium. Biochem.  Soc.  Spec.  Publ. 
3:55-74. 
TUAN ET  AL.  Calcium-Binding  Protein of Chorioallantoic  Membrane.  I  751 